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SYSTEM AND METHOD FOR GENERATING MULT I -WAVELENGTH LASER SOURCE 

USING HIGHLY NONLINEAR FIBER 

Related Application 

This application is a CIP of U.S. Application No. 
5 10/015,753 filed December 17, 2001, hereby incorporated by- 
reference in its entirety. 

Field of the Invention 

This invention generally relates to optical 
10 communication systems and more particularly optical laser sources 
with multiple lasing wavelengths. 

Background of the Invention 

The huge bandwidth available in optical fiber in the low 
attenuation band is not accessible through electronic interfaces 

15 unless some type of multiplexing is used. Wavelength Division 

Multiplexing (WDM) offers the most efficient method to exploit the 
available bandwidth. In this technology, a number of parallel 
wavelength channels are used, where each channel carries up to a 
maximum data rate accessible through electronic interfaces. 

2 0 Moreover, the data protocols, framings and data rates used on 

different channels are totally independent of each other. As the 
technology progresses the number of feasible channels in the total 
band is increasing. The early WDM systems only used 4 to 16 
channels while new systems are targeting higher number of 

2 5 channels, and are hence called Dense WDM (DWDM) . 

The low attenuation wavelength region is partitioned 
into smaller wavelength bands. The first band used in modern 
optical communications is called the Conventional Band or C-Band. 
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This band included wavelength channels from 152 0 to 15 65 nm. 
Wavelengths covering 1565 to 1610 nm form the Long Band or L-Band, 
while 1475 to 1520 nm is called the Short Band or S-Band. 

At the transmitter side of a DWDM system, a large number 
5 of different laser sources with different wavelengths are 

required. Each data stream is modulated on one of the wavelength 
channels and all the wavelength channels are multiplexed and sent 
to the same optical fiber. At the receiving end, each channel is 
demultiplexed from the set of wavelength channels. An optical 
10 receiver, then, will demodulate data from each channel. The 

capacity of a DWDM system increases as more wavelength channels 
are established. As a result, it would be desirable to increase 
the number of channels, decrease the channel spacing and increase 
the total wavelength window. 

15 The DWDM systems now need a large number of laser 

sources as well as techniques to modulate a data signal on each 
source, combine, demultiplex and detect each data stream. 

Currently, the laser sources designed into DWDM systems 
are exclusively of the single-wavelength variety. Distributed 

2 0 Feed-Back (DFB) lasers, Fabry-Perot lasers and ring lasers are 
some of the main technologies. Each wavelength supported in the 
system has a dedicated laser and its ancillary electronics. In the 
last few years and still today, the majority of lasers used are 
capable of emitting light only at a fixed wavelength. 

2 5 Increasingly, however, designs are making use of tunable 

wavelength lasers, which have broader spectral range and can 
operate at any point within that range. The key drawback of these 
devices however, is the sheer number that are required to satisfy 
the high channel count systems being proposed for the future 
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optical network. At the same time, it is very important to be able 
to lock the center wavelength of each laser source to a specific 
wavelength. This is mainly because of the fact that if there is 
any drift in the wavelength of a laser, it can interfere with the 
5 adjacent wavelength channel communications. This imposes a 

practical limitation on the number of discrete laser sources that 
can be placed in a very tightly spaced wavelength channel system 
to realize a large number of channels. As a result, a multi- 
wavelength laser source that can provide an efficient and simple 
10 wavelength locking system is highly needed. 

Although felt particularly acutely in the areas of 
system source architecture, the pressure to adapt to a high 
channel count reality is felt in other related areas. As 
increasingly tight channel spacings are supported for example, a 
new generation of instrumentation equipment is required to address 
the need for the characterization of performance and behavior with 
such fiber loads. This need extends the full length of the supply 
chain as component suppliers are required to quantify operation of 
advanced products during development and manufacturing, as system 
vendors develop, optimize, and validate equipment response to 
real -world scenarios, and as service providers qualify equipment 
and test out vendor claims . 

Summary of the Invention 

In this invention, a mult i -wavelength laser source that 
2 5 can simultaneously provide a number of wavelength channels is 

provided, which in some embodiments can address the requirement 
for the set of lasers at the DWDM transmitter. 
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A number of embodiments provide mult i -Wavelength Laser 
Source (MWLS) designs based on Super Continuum (SC) generation 
using Highly Non-Linear optical Fiber (HNLF) . Advantageously, in 
some embodiments this technology only needs a single wavelength 
5 locking mechanism to tune and lock the whole set of channels to 

the ITU grid. Furthermore, in some embodiments, this laser system 
is able to provide wavelength channels in all the S, C and L 
bands. In this design, the optical signal provided by an initial 
seed laser source goes through a wavelength channel multiplier 

10 stage based on HNLF and is expanded in the frequency domain to 

cover a wider wavelength range. The initial optical signal may be 
the optical beat signal of two DFB lasers tuned to different 
wavelengths relatively close to each other. Equivalently , a 
single laser source modulated by an RF source can provide the 

15 initial signal to the multiplier stage as well. The wavelength 
channel multiplier consists of a number of optical fibers 
including various combinations of HNLF, single mode fiber and 
dispersion shifted fibers. The multiplier stage uses optical 
fiber non-linear effects to expand the channel coverage of the 

20 initial optical signal. The channel spacing of the resulting 
channel set is mainly determined by the channel spacing of the 
initial optical signal, e.g. the wavelength difference of the two 
DFB lasers, the frequency of the RF source to modulate the single 
laser source. The MWLS introduced in this invention, can cover 

25 different low attenuation bands in the optical fiber, such as C, 
L, S or contiguous combinations of them. 

According to one broad aspect, the invention provides a 
nonlinear medium comprising a first segment of HNLF (highly 
nonlinear fiber) , a segment of single mode fiber and a second 
3 0 segment of HNLF connected together in sequence. 
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According to another broad aspect, the invention 
provides a mult i -wavelength laser source comprising: a source of 
an optical signal having optical pulses at a channel spacing 
frequency; an amplifier for amplifying the optical signal to 
5 produce an amplified optical signal; a nonlinear medium summarized 
above connected to receive the amplified optical signal, and to 
yield comblike multi-channel WDM laser signals separated from each 
other by said channel spacing frequency. 

In some embodiments, the source comprises: a first 
monochromatic laser generating a first output signal having a 
first (f x ) lasing frequency; a second monochromatic laser 
generating a second output signal having a second (f 2 ) lasing 
frequency, the second lasing frequency differing from the first 
lasing frequency by said channel spacing frequency; a combiner for 
combining the first output signal with the second output signal to 
generate the optical signal. 

In some embodiments, the source comprises: a first 
monochromatic laser generating a first output signal having a 
first (fi) lasing frequency; a modulator adapted to modulate the 
20 first output signal to generate said optical signal. 

In some embodiments, the HNLF has a dispersion zero at 

1542 nm ± 3 nm and a dispersion slope of S D <0.04ps/ Krrfnm 2 with 

effective mode area A eff <2§\xm 2 , and wherein the first segment of 

HNLF is from 150 to 250m long, the second segment of HNLF is from 
25 250 to 350m long, and the segment of SMF is 50 to 120m long. 

In some embodiments, the HNLF has a dispersion slope of 
about S D = 0.031/w IKrrfnm 2 with effective mode area about A eff = 10/ira 2 
and wherein the first segment of HNLF is about 190m long, the 



10 
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second segment of HNLF is about 2 8 8m long, and the segment of SMF 
is about 8 0m long. 

In some embodiments, the two monochromatic lasers are 
tuned to 1546.119 nm and 1546.916 nm respectively, and the HNLF 
5 has a dispersion slope of about S D = 0.03lps / Km^ nm 2 with effective 
mode area about A eff =10 \xm 2 and wherein the first segment of HNLF 

is about 19 0m long, the second segment of HNLF is about 2 8 8m long, 
and the segment of SMF is about 8 0m long. 

In some embodiments, the two monochromatic lasers 
10 comprise two DFB lasers tuned to 1503.472nm and 1504.227nm 

respectively, and HNLF has a dispersion zero at 1508nm ± 3 nm, and 
wherein the first segment of HNLF is from 250-800m long, the 
segment of SMF is from 50 -12 0m long, and the second segment of 
HNLF is from 400-750m long. 

15 In some embodiments, the first segment of HNLF is about 

4 0 0m long, the segment of SMF is about 8 0m long, and the second 
segment of HNLF is about 5 0 0m long. This design is appropriate 
for covering the combined S and C bands but is not necessarily 
limited to that application. 

20 In some embodiments, the first segment of HNLF is about 

19 0m long, the segment of SMF is about 7 0m long, and the second 
segment of HNLF is about 2 8 8m long. 



In some embodiments, the mult i -wavelength source adapts 
for 5 0 GHz channel spacing, wherein the two monochromatic lasers 
25 comprise two DFB lasers tuned at a 50 GHz channel spacing to 
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1546.119 nm and 1546.517 nm, and wherein the first segment of HNLF 
is from 120m to 250m long, the segment of SMF is from 250m to 400m 
long, and the second segment of HNLF is longer than 2 5 0m. This 
design is appropriate for covering the C band but is not 
necessarily limited to that application. 

In some embodiments, the first segment of HNLF is about 
190m long, the segment of SMF is about 350m long, and the second 
segment of HNLF is about 2 8 8m long. 

In some embodiments, the mult i -wavelength source adapts 
for 5 0 GHz channel spacing, wherein the two monochromatic lasers 
comprise two DFB lasers tuned at a 50 GHz channel spacing to 
1560.606 nm and 1561.419 nm, and wherein the first segment of HNLF 
is from 300m to 600m long, the segment of SMF is from 50m to 120m 
long, and the second segment of HNLF is from 4 5 0m to 70 0m long. 

In some embodiments, the first segment of HNLF is about 
4 0 0m long, the segment of SMF is about 8 0m long, and the second 
segment of HNLF is about 5 0 0m long. 

According to another broad aspect, the invention 
provides a nonlinear medium comprising a first segment of DSF of a 
first type, a second segment of DSF of a second type, a segment of 
SMF, and a segment of HNLF connected together in sequence. 

According to another broad aspect, the invention 
provides a mult i -wavelength laser source comprising: a source of 
an optical signal having optical pulses at a channel spacing 
frequency; an amplifier for amplifying the optical signal to 
produce an amplified optical signal; a nonlinear medium as 
summarized above connected to receive the amplified optical 
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signal, and to yield comblike multi-channel WDM laser signals 
separated from each other by said channel spacing frequency. 

In some embodiments, the segment of DSF of the first 
type is from 300 to 600m long, the segment of DSF of the second 
type is from 300 to 6 0 0m long, the segment of SMF is from 5 0 to 
120m long, and the segment of HNLF is from 250 to 350m long, and 
the HNLF has a dispersion zero at 1542nm ± 3 nm and a dispersion 
slope is S D <0.04ps/Knfnm 2 with effective mode area A eff < 20}im 2 . 

In some embodiments, the segment of DSF of the first 
type is about 4 0 0m long, the segment of DSF of the second type is 
about 4 0 0m long, the segment of SMF is about 8 0m long, and the 
segment of HNLF is about 2 88 m long, and the HNLF has a dispersion 
zero at 1542nm and a dispersion slope is about S D = 0.03 lps/ Km • nm 2 
with effective mode area about A eff =10jum 2 . This design is 

appropriate for covering the C band but is not necessarily limited 
to that application. 

In some embodiments, the segment of DSF of the first 
type is about 8 0 0m long, the segment of DSF of the second type is 
about 8 0 0m long, the segment of SMF is about 7 0m long, and the 
segment of HNLF is about 2 8 8m long. 

According to another broad aspect, the invention 
provides a nonlinear medium comprising a first segment of DSF, a 
segment of SMF, a second segment of DSF and a segment of HNLF. 

According to another broad aspect, the invention 
provides a mult i -wavelength laser source comprising: a source of 
an optical signal having optical pulses at a channel spacing 
frequency; an amplifier for amplifying the optical signal to 
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produce an amplified optical signal; a nonlinear medium as 
summarized above connected to receive the amplified optical 
signal, and to yield comblike mult i- channel WDM laser signals 
separated from each other by said channel spacing frequency. 

5 According to another broad aspect, the invention 

provides a nonlinear medium comprising a segment of HNLF, a 
segment of SMF, a first segment of DSF of a first type, a second 
type of DSF of a second type connected together in sequence. 

According to another broad aspect, the invention 
10 provides a multi-wavelength laser source comprising: a source of 
an optical signal having optical pulses at a channel spacing 
frequency; an amplifier for amplifying the optical signal to 
produce an amplified optical signal; a nonlinear medium as 
summarized above connected to receive the amplified optical 
15 signal, and to yield comblike multi-channel WDM laser signals 
separated from each other by said channel spacing frequency. 

In some embodiments, the source comprises: a first 
monochromatic laser generating a first output signal having a 
first (fi) lasing frequency; a second monochromatic laser 
20 generating a second output signal having a second (f 2 ) lasing 

frequency, the second lasing frequency differing from the first 
lasing frequency by said channel spacing frequency; a combiner for 
combining the first output signal with the second output signal to 
generate the optical signal. 

25 In some embodiments, the source comprises: a first 

monochromatic laser generating a first output signal having a 
first (fi) lasing frequency; a modulator adapted to modulate the 
first output signal to generate said optical signal. 
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In some embodiments , the mult i -wavelength source the 
segment of HNLF is from 15 0 to 3 0 0m long, the segment of SMF is 
from 5 0 to 12 0m long, and the segment of DSF of the first type is 
from 3 00 to 7 0 0m long, and the segment of DSF of the second type 
5 is from 200 to 600m long. 

In- some embodiments, the multi-wavelength source the 
segment of HNLF is about 190m long, the segment of SMF is about 
80m long, and the segment of DSF of the first type is about 400m 
long, and the segment of DSF of the second type is about 3 0 0m 
10 long. 

In some embodiments, the multi-wavelength source the 
segment of HNLF is about 199m long, the segment of SMF is about 
70m long, and the segment of DSF of the first type is about 500m 
long, and the segment of DSF of the second type is about 4 0 0m 
15 long. 

Brief Description of the Drawings 

Preferred embodiments of the invention will now be 
described with reference to the attached drawings in which: 

Figure 1A is a block diagram of a multi -wavelength laser 
2 0 Source provided by an embodiment of the invention; 

Figures IB and 1C are block diagrams of two possible 
initial laser sources; 
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Figure 2 presents an example fiber dispersion profile of 
a first fiber combination with highly nonlinear fiber and single 
mode fiber; 

Figure 3 presents simulation results for the combination 
5 shown in Figure 2 ; 

Figure 4 presents an example fiber dispersion profile of 
a second fiber combination consisting of HNLF, two types of DSF, 
(DSF I and DSFII) , and SMF; 

Figure 5 presents simulation results for the combination 
10 of Figure 4; 

Figure 6 presents an example fiber dispersion profile of 
a third fiber combination consisting of DSF, SMF and HNLF; 

Figure 7 presents simulation results for the fiber 
combination of Figure 6; 

15 Figure 8 presents an example fiber dispersion profile of 

a fourth fiber combination using HNLF , SMF, DSF I and DSF II to 
cover C-Band; 

Figure 9 presents simulation results for the fiber 
combination in figure 8; 



20 Figure 10 presents simulation results for a design based 

on the fiber combination of Figure 2 targeted at C+L-band 
coverage ; 
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Figure 11 presents simulation results for a fiber 
combination similar to the one shown in Figure 2 but tailored to 
S+C-banci coverage; 

Figure 12 presents experimental results for a design 
5 based on the fiber combination of Figure 2; 

Figure 13 presents experimental results for a designed 
based on the fiber combination of Figure 4; 

Figure 14 presents experimental results for a design 
based on the fiber combination of Figure 8 ; 

10 Figure 15 presents simulation results based on the 

design of the fiber combination of Figure 2 for 5 0 GHz channel 
spacing; 

Figure 16 presents experimental results for a fiber 
combination similar to Figure 2 for 50 GHz channel spacing; and 

15 Figure 17 presents the C-band part of the spectrum shown 

in Figure 16. 

Detailed Description of the Preferred Embodiments 



20 



In this invention, a Mult i -Wavelength Laser Source 
(MWLS) system using a wavelength channel multiplier based on 
Highly Non-Linear optical Fiber (HNLF) is provided. 
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The typical block diagram of this invention is presented 
in Figure 1A. As shown in the figure, a High Power Optical 
Amplifier (HP-Amp) 12 boosts an optical signal generated by an 
initial laser source 10. The resulting optical signal, then 
5 propagates through a nonlinear medium 14, such as optical fiber 
and more specifically an HNLF . Nonlinear effects, which may 
include a combination of one or more of self-phase modulation 
(SPM) , cross phase modulation (XPM) and Four-wave mixing (FWM) 
change the spectrum of the initial signal. The frequency coverage 

10 and profile of the resulting signal spectrum mainly depends on the 
nonlinear and dispersion characteristics of the nonlinear medium 
14. In order to produce a Mult i -Wavelength Laser Source (MWLS) , 
the nonlinear medium 14 is designed and optimized to broaden the 
spectrum to cover a target band, such as the C-Band, L-Band, S- 

15 Band or any contiguous combination of those or some other band. 



In preferred embodiments, the initial optical signal is 
a pulse train with relatively short pulses. The repetition rate of 
this pulse train determines the spacing of the wavelength channels 
set in the MWLS. In one embodiment, the initial laser source is 

2 0 as shown in the block diagram of Figure IB. Two lasers, 

preferably DFB lasers 16,17 are tuned to different wavelengths 
relatively close to each other and are coupled into combiner 18. 
The two lasers 16,17 have different frequencies, and the channel 
spacing between two adjacent channels generated by the system 

25 Figure 1A is dictated by the spacing of the two lasers. In this 
embodiment, the nonlinear medium 14 is designed to expand the two 
initial wavelength channels to cover a wide band, such as the C, 
L, S band or combination of these bands or some other band. 
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In another embodiment of the invention, the laser source 
is as shown in Figure 1C. Here, there is a single laser 19 which 
is modulated by modulator 2 0 to provide the required train of 
optical pulses. In this case, the frequency of the modulator 20 
5 determines the channel spacing of the resulting wavelength set. 

It is noted that the modulation could be AM, FM, phase modulation, 
etc . 

An immediate advantage of the MWLS presented in here is 
that a good locking technique on the initial laser signal insures 
wavelength locking in the whole set of output channels. Tuning of 
the whole resulting set of channels to the ITU grid, for example, 
is also based on the initial wavelength channels of the initial 
set, e.g. the wavelengths of two DFB lasers. As a result, this 
MWLS design simplifies the wavelength tuning and locking which 
otherwise needed to be done on each individual lasers. If the case 
of a few hundred channels, the benefits of the central tuning and 
locking provided in this invention can be easily seen. 

Various detailed embodiments are now described which 
feature the nonlinear medium 14 being composed of various 
20 combinations of HNLF, SMF and DSF. For each example, simulation 
and experimental results are presented. These limited sets of 
examples clearly show the flexibility of the design to cover 
different wavelength bands based on an initial optical signal 
created by the beating of two DFB lasers. These lasers are, for 
25 example, selected to be 100 GHz apart to create a multi-wavelength 
laser source with 100 GHz channel spacing. Similarly for an MWLS 
with 50 GHz channel spacing one needs to space them at 50 GHz. 
Other sources such as a single laser source modulated by an RF 
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signal or a mode locked laser that can provide very short optical 
pulses can also be used. 

The laser pulse propagation in the optical fiber is 
governed by the nonlinear Schrodinger equation 

+ Eiz,t). 

dz 

where E(z,t) denotes the electrical field of the light wave. The 

non-linearity is shown by N operator, which depends on the 
nonlinear index and represents photon elastic and inelastic 
scattering processes, such as, Rayleigh and Raman scattering in 

the fiber. D is the dispersion operator, which relates to the 
dispersion parameter of the fiber. This equation includes 
nonlinear process such as SPM, XPM, FWM, Raman effects, the first 
and second order of group-velocity dispersion (GVD) and 
attenuation of fiber. 

To simplify the discussion, the nonlinear operator can 
be written without Raman effect as 

N = -jr\E{z,t) | 2 

where y is fiber nonlinear parameter; y = ^ 7W " 1 f t an d n 2 is fiber 

cA eff 

nonlinear index. Because of the small core of HNLF fiber, i.e. 
very small Aeff, 7 is a big number and consequently N is large. 
As a result, the fiber shows higher nonlinear effects. Since HNLF 
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is a Dispersion Shifted Fiber with strong non-linear effects, it 
is also called Highly Non-linear Dispersion Shifted Fiber (HN- 
DSF) . 

Pulse compression and spectrum broadening can be 
5 described as following. The beat signal (or the optical pulse 
train) is compressed into a soliton pulse train in the fore part 
of fiber and also is chirped. In SMF fiber pulse train is 
compressed further due to its GVD effects. In the rear part of 
fiber, FWM and SPM play an important role to extend the side mode 

10 energy to cover a bright wide band. Due to highly nonlinear 

effects in HNLF, the spectra can be extended to very wide ranges, 
such as 100 nm. As a result, combined wavelength bands, for 
example C+L Band or S+C Band, can be covered by this method. On 
the other hand, having a small dispersion slope in the HNLF makes 

15 it easy for the side modes to find their partners in order to 

match the condition of FWM, thus enhance FWM. This also results 
in increasing the length of longitudinal modes. 

In all the designs presented in here, HNLF plays a 
critical role in the generation and expansion of the multi- 

20 wavelength laser sources. In a preferred implementation, the 
effective mode area of core in the HNL, DSF and SMF is 
A eff = 10/im 2 (preferred range: A eff < 20 nm 2 ) , 60jum 2 and SOpm 2 
respectively. In a preferred implementation, the dispersion slope 
of HNLF S D =0.031/?s IKm*nm 2 (preferred range: S D < 0.04 ps/km.nm 2 ) 

25 is also smaller than S D = 0.06Sps/ Km • nm 2 (preferred range: 0.06 < S D 

< 0.04 ps/km.nm 2 ) for DSF and S D = Q.079ps/ Km • nm 2 (preferred range: 

0.07 < S D < 0.09 ps/km.nm 2 ) for SMF. This small core area and 
slope dramatically increases nonlinear effects of the medium, 
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which in turn enhances the wavelength coverage. Two types of DSF 
are used in the following specific examples, which are DSF I with 

dispersion slope of S D =0.06Sps/Knfnm 2 (preferred range: 0.06 < S D 
< 0.09 ps/km.nm 2 ) and zero dispersion wavelength of X 0 = 1552.4 nm 
5 (preferred range: ± 3 nm) ; and DSF II with dispersion slope of 
S D = 0.068/75 IKnfnm 2 (preferred range: 0.06 < S D < 0.09 ps/km.nm 2 ) 
and zero dispersion wavelength of X 0 = 1541.2 nm (preferred range: 
± 3 nm) . 

In a first embodiment for which the dispersion profile 
10 is shown in Figure 2, the nonlinear medium 14 consists of a first 
segment of HNLF 22, a segment of SMF 24 and a second segment of 
KNLF 26. For the purpose of the simulation results, the two DFB 
lasers are tuned to 1546.119nm and 1546.916nm. HNLF has 
dispersion zero at 1542nm (± 3 nm) and its dispersion slope is 
15 S D = 0.03lps/Km • nm 2 with effective mode area A eff =10 \im 2 . The length 

of the first piece of HNLF is 190m (preferred range: 150 - 250 m) 
and the second piece is 288m (preferred range: 250 - 350 m) . The 
length of SMF in the middle is 80m (preferred range 50 - 120 m) . 

This system can cover C-band, L-band and part of S-Band. 
20 The simulation result is shown in Figure 3. 

In another embodiment for which the dispersion profile 
is shown in Figure 4, the nonlinear medium 14 of Figure 1A 
consists of a first segment of DSF 30 of a first type, a segment 
of DSF of a second type 32, a segment of SMF 34, followed by a 
2 5 segment of HNLF 36, all connected in sequence. For the purpose of 
simulation, the two types of DSF namely DSF I and DSF II are 400m 
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each (preferred range: 300 - 600 m) , the SMF segment is 80m 
(preferred range: 50 - 120 m) and the HNLF is 288m (preferred 
range: 250 - 350 m) with the same characteristics of HNLF in the 
first combination. 

5 This system, however, is designed to cover only C-Band. 

The simulation result is presented in Figure 5. 

In another embodiment for which the dispersion profile 
is shown in Figure 6, the nonlinear medium 14 of Figure 1A 
consists of a segment 40 of the second type of DSF, a segment of 
10 SMF 43, another segment of DSF II 44, a segment of HNLF 46 

targeted at C-Band coverage. The coverage and response of this 
combination is shown in Figure 7. 

In another embodiment for which the dispersion profile 
is shown in Figure 8, the nonlinear medium 14 of Figure 1A 

15 consists of a segment of HNLF 50, a segment of SMF 52, a segment 
of DSF of a second type 54, and a segment of DSF of a first type 
56. For the purpose of simulation, C-Band coverage is the target 
for the design shown in Figure 8. In this design, 190m of HNLF 
(preferred range: 150 - 300 m) , 80m of SMF (preferred range: 50 - 

20 120 m) , 400m of DSF I (preferred range: 300 - 700 m) and 300m of 
DSF II (preferred range: 200 - 600 m) are used. The simulation 
result shown in Figure 9 verifies the design. 

For the first fiber combination of Figure 2, the C and L 
bands can be covered by changing some of the design parameters. 
25 The two initial DFB lasers are tuned to 1560.606nm and 1561.419nm. 
Then zero dispersion wavelength of the HNLF is shifted to 1564nm 
± 3 nm. In this new design the length of the first HNLF is 400m 
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(preferred range: 300 - 600 m) , SMF is at 80m (preferred range: 50 

- 120 m) and 500m of HNLF (preferred range: 450 - 700 m) is used 
for the last piece. The simulation result of this combination is 
shown in Figure 10 . 

The fiber combination of Figure 2 can also be adjusted 
to cover S+C band. In this case, the initial DFB lasers is tuned 
to 1503.472nm and 1504.227nm. The zero dispersion wavelength of 
the HNLF is at 15 0 8nm ± 3 nm. For the fiber lengths, 4 0 0m of HNLF 
(preferred range: 250 - 800 m) followed by 80m of SMF (preferred 
range: 50-12 0 m) and another 500m of HNLF (preferred range: 400 

- 75 0 m) are used. The simulation result shown in Figure 11 
verified the design. 

Figure 12 shows experimental results for a design based 
on the fiber combination of Figure 2. This design consists of 190m 
HNLF, 70m SMF and another 2 8 8m of HNLF. 

Figure 13 represents the experimental results for a 
fiber combination similar to the one shown in Figure 4. In this 
design, 800m of DSF I, 70m of SMF and 800m of DSF II, and 288m of 
HNLF are used. 

A design based on the fiber combination of Figure 8 has 
been tested in the lab, where 199m of HNLF, 70m of SMF, 500m of 
DSF I and 4 0 0m of DSF II are put together. The experimental result 
is presented in Figure 14 . 

Finally, Figures 15 and 16 show the simulation and 
experimental results, respectively, for a system that has 50 GHz 
channel spacing. The initial two DFB lasers are tuned at a 50 GHz 
channel spacing to 1546.119 nm and 1546.517 nm. The fiber 
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combination of Figure 2 with 190m of HNLF (preferred range: 120 - 
250 m) , 350m of SMF (preferred range: 250 - 400 m) followed by 
another 288m HNLF (preferred range: > 250) is used in this design. 
Figure 17 is the magnified view of the C-Band part of Figure 16. 

5 Numerous modifications and variations of the present 

invention are possible in light of the above teachings. It is 
therefore to be understood that within the scope of the appended 
claims, the invention may be practiced otherwise than as 
specifically described herein. 



